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THOMAS B. GRABOYS, MD, FACC
Boston, Massachusetts
Although the terminal cardiac rhythm is often well doc-
umented in many cases of sudden cardiac death, the
antecedent or premonitory arrhythmias are usually not
retrievable. The ambulatory electrocardiographic re-
cordings of 12 patients who sustained ventricular fibril-
lation or torsade de pointes while wearing a long-term
electrocardiographic monitor were analyzed in detail. A
printout of the entire electrocardiographic recording was
made and. hand counts of ventricular arrhythmias were
correlated with heart rate, QTc interval, RR interval
preceding ventricular fibrillation or torsade de pointes
and (RR')/QT initiating ventricular fibrillation or tor-
sade de pointes.
Common ambulatory electrocardiographic features
in these 12 patients experiencing ventricular fibrillation
or torsade de pointes included: 1) a period of high density
of increasingly frequent or complex ventricular arrhyth-
Ventricular fibrillation and the closely related arrhythmia
torsade de pointes are potentially lethal ventricular tachy-
arrhythmias. Experience in the coronary care unit has sug-
gested that alterations in arrhythmia frequency and com-
plexity, repolarization abnormalities and conduction defects
may be important features in the development of such ma-
lignant ventricular arrhythmias (1-6). However, the elec-
trical events culminating in sudden cardiac death due to
these arrhythmias are still incompletely understood and re-
main controversial (7-12).
Ventricular fibrillation is the terminal rhythm in the ma-
jority of the estimated 400,000 to 500,000 sudden cardiac
deaths that occur annually in the United States (13). Al-
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mias, or both, preceding ventricular fibrillation or tor-
sade de pointes (11 patients); 2) R on T beats frequently
initiating ventricular fibrillation or torsade de pointes (9
patients); and 3) repolarization abnormalities present for
several hours before ventricular fibrillation or torsade
de pointes (7 patients). No consistent relation between
the RR and RR' interval initiating ventricular fibrilla-
tion or torsade de pointes was found; no consistent al-
teration in heart rate occurred before ventricular fi-
brillation or torsade de pointes.
Thus, ventricular arrhythmias leading to sudden death
in an ambulatory population do not occur in isolation
but are preceded by a period of increased ventricular
ectopic activity. Future guidelines for assessment of an-
tiarrhythmic drug efficacy should include an evaluation
of a drug's impact not only on ectopic beat frequency
but also on arrhythmia density.
though electrocardiographic documentation of the fatal event
is available in many cases through fragmentary records from
mobile resuscitation teams, coronary care unit monitoring
and tracings recorded during an in-hospital cardiac arrest,
records of antecedent or premonitory cardiac arrhythmias
are often not retrievable. The rare recordings of catastrophic
ventricular arrhythmias in ambulatory patients wearing a
long-term electrocardiographic recorder provide an invalu-
able resource for studying the sequence of cardiac rhythm
disturbances that culminate in ventricular fibrillation or tor-
sade de pointes (14-24).
This report presents the findings in a series of 12 am-
bulatory patients in whom ventricular fibrillation or torsade
de pointes with prolonged syncope occurred during long-
term electrocardiographic monitoring. None of the 12 pa-
tients were experiencing an acute myocardial infarction or
myocardial ischemia during the recording period, except for
1 patient who sustained ventricular fibrillation during an
episode of variant angina. The study was designed to iden-
tify premonitory electrocardiographic features in patients
experiencing the potentially lethal ventricular tachyarrhyth-
mias, ventricular fibrillation or torsade de pointes, with or
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without sudden cardiac death during long-term monitoring.
On the basis of these features, we sought to develop guide-
lines for ambulatory electrocardiographic monitoring to
identify individuals at risk for sudden cardiac death, and
suggest a therapeutic target for antiarrhythmic therapy.
Methods
Patient study group. The study group consisted of 12
patients. (5 women and 7 men with a mean age of 55 years
[range 30 to 91)) (Table I). Six patients had coronary artery
disease, four had valvular heart disease (rheumatic in three
and mitral valve prolapse in one), one had hypertensive
heart disease and one had no significant heart disease. The
mean left ventricular ejection fraction was 49% (range 19
to 79) and was obtained from the most recent catheterization.
echocardiogram or radionuclide ventriculogram in II of the
12 patients. One patient had no objective measure of left
ventricular performance but physical examination and chest
roentgenogram revealed marked cardiomegaly and severe
congestive heart failure.
During the recording showing ventricular fibrillation or
torsade de pointes, five patients were receiving digoxin,
three were taking quinidine, fi ve were receiving other an-
tiarrhythmic agents and two patients were receiving no med-
ications. All patients except one (Patient 9) were hospital-
ized at the time of the recording.
Ambulatory electrocardiographic recording and
scanning. Recordings were single channel in nine patients
and dual channel in the other three patients. A printout of
the entire electrocardiographic recording was made (ECG
scanner model 7701 American Edwards Laboratories) and
a hand coun: of all ventricular arrhythmias was performed.
Quality control of ventricular arrhythmia counts was assured
by printing out ventricular ectopic impulses at 25 mm/s
paper speed in all instances to confi rm ventricular tachyar-
rhythmias or check the compressed printout format when it
was unclear. A computerized trend printout of minute to
minute heart rate was plotted for the entire recording (Cam-
scan ECG Scanner, Picker International) and confirmed with
hourly spot checks by hand.
Hourly counts of total ventricular premature depolari-
zations, ventricular couplets and runs of ventricular tachy-
cardia (3 or more successive beats of ventricular origin with
a rate greater than 100 beats/min) were tabulated for all
hours before ventricular fibrillation or torsade de pointes
occurred. In addition, ventricular arrhythmia counts were
correlated with the following: I) heart rate; 2) QTc interval;
3) RR interval preceding ventricular fibrillation or torsade
de pointes; and 4) (RR') /QT initiating ventricular fibrillation
Table l. Clinical Features of 12 Patients Experiencing Ventricular Fibrillation or Torsade de Pointes During Ambulatory
Electrocardiographic Recording
LVEjection Antiarrhythmic Therapy Duration
Age Fracuon Coronary History of During Ambulatory of
Case (yr) Sex Cardiac Diagnosis (%) Disease PriorMI CHF Syncope Palpitation ECG Recording Therapy
72 F CAD 29 Moderate Antenor + + Digoxin. 25 yr
(autopsy) quuudrn e 4 days
2 43 M CAD (variant angina) 65 Normal No +
3 68 F VHD (SIP MVR). CAD 32 3 vessel Antenor + + + Digoxin, 9 yr
(SIP CABG) procamarmde 120 days
4 30 M Ventncular arrhythmias 64 Normal No + + +
5 34 M CAD 79 3 vessel No Propranolol 8 days
6 67 M CAD 51 No autopsy or Apical & + + + Phenytoin. 3 days
catheten zauon postenor mexiletine , 7 days
armo daro ne 14 days
7 35 M CAD (SIP 46 LAD occ lusion Antenor + + + Digoxin 270 days
aneurysmectomy and
CABG) SIP
permanent pacer
8 30 F VHD(mitral valve 54 No + + Encanude 2 days
prolapse)
9 56 F VHD(SIP AYR. MV R) 49 Normal No + DIgOXin . > 30 days
quinidine > 22 days
10 91 F Hypertensive No + + Arrutnptyhne > 28 days
II 6\ M CAD 20 3 vessel Anteno r + + DIgoxin . > 1 yr
(autopsy) tocauude 3 days
12 75 F CAD. VHD (SIP AYR. 49 Circumflex No + Q umuhne I day
mural co mrmsurotom y) stenosis
AVR = aortic valve replacement. CABG = coronary artery bypass gra ft; CAD = coronary artery disease : CHF = congestive hean failure . ECG
= electrocardiographic; LV = left ventnc ular; MI = myocardial mfarcnon, MVR = mural valve replacement: SIP = status post, VF = ventricular
fibn llation; VHD = valvular heart disease
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or torsade de pointes (prematurity index). The R on T phe-
nomenon was defined by a prematurity index of 1.0 or less.
Statistical methods. To address the issues of sponta-
neous variability of ventricular arrhythmias during the short-
term period (theoretic maximum of 24 hours) in this study
and the unequal number of monitored hours for individual
patients preceding ventricular fibrillation or torsade de pointes,
a linear trend analysis was performed. This calculation was
made by summing the number of patients undergoing mon-
itoring during a given hour before ventricular fibrillation or
torsade de pointes to determine a total number of monitored
patient hours' 'at risk" for ventricular arrhythmia. This total
number of hours was divided into four risk periods (A to
D) of approximately equal length and the number of patients
exhibiting the arrhythmia classes ventricular tachycardia,
greater than 5 ventricular couplets/hour and greater than 100
ventricular premature depolarizations/hour were calculated
for each risk period. The ratio of the observed number of
patients exhibiting a given arrhythmic class over the number
of monitored patient hours at risk for the arrhythmia class
was calculated for each arrhythmic class during each risk
period. For example, during risk period D, the following
ratios were calculated:
Number of patients exhibiting ventricular tachycardia
Number of at risk monitored patient hours for risk period
D
Number of patients exhibiting greater than 5 ventricular
couplets/hour
Number of at risk monitored patient hours for risk period
D
Number of patients exhibiting greater than 100 ventricular
premature depolarizations/hour
Number of at risk monitored patient hours for risk period
D
The ratios for each arrhythmia class were compared for
each risk period, A to D, using a chi-square score for linear
trend. The strategy of this method involves assigning a set
of numerical weights to each risk period and then using the
least squares technique, determining the regression equation
for the data described by the ratios for each arrhythmic class.
The slope of the equation is found as a chi-square score that
represents the linear trend of the data; a slope significantly
different from zero indicates that a distinctively linear trend
has been demonstrated.
Results
In II of the 12 patients, the catastrophic arrhythmia did
not occur in isolation, but was seen during a period of
heightened ventricular ectopic activity. In seven patients,
this was evidenced by the emergence of complex ventricular
arrhythmias, defined as the onset of rapid or increasingly
complex ventricular tachycardia, or both, manifested by
acceleration and greater rate and length of runs during the
I to 3 hours preceding ventricular fibrillation or torsade de
pointes. In four patients there was a significant increase in
the total number of ventricular premature depolarizations
but not complexity of ventricular arrhythmias during the I
to 3 hours preceding ventricular fibrillation or torsade de
pointes. These findings will be reviewed individually later.
Ventricular tachycardia. For each patient, all episodes
of ventricular tachycardia during all hours preceding ven-
tricular fibrillation or torsade de pointes were tabulated and
reviewed individually (Fig. I and Table 2A). Because pa-
tients varied in the number of monitored hours before ven-
tricular fibrillation or torsade de pointes occurred (range 2
to 20), the number of patients available for analysis at each
hour increased over time to 12 patients at 2 hours. Patients
were classified into three groups on the basis of the fre-
quency of episodes of ventricular tachycardia per hour. There
was a striking increase in the number of patients having
frequent episodes (2 to 3 episodes/hour) of ventricular tachy-
cardia during the I to 3 hours immediately preceding ven-
tricular fibrillation or torsade de pointes. In addition, these
episodes of ventricular tachycardia usually had a more rapid
rate and greater length and showed evidence of acceleration.
6
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Figure 1. Hourly frequency of ventricular tachy-
cardia (YT) before ventricular fibrillation (YF) or
torsadede pointes (TdP). Patients are classified into
three groups based on the number of episodes of
ventricular tachycardia per hour before ventricular
fibrillation or torsade de pointes. There is a distinct
increasein the numberof patients showing frequent
runs of ventricular tachycardia in the I to 3 hours
preceding ventricular fibrillation or torsade depointes.
(Because the number of monitored hours before
ventricularfibrillation or torsade de pointes was not
constant among patients, the height of each bar
which indicatesthe numberof patients availablefor
analysis in that hour increases progressively).
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Figure2. Hourly frequencyof ventricular couplets
before ventricular fi brillation (YF) or torsade de u,
pointes (TdP). There is an increase in the number 0
of patients showing frequent ventricular couplets ~
within the I to 3 hours before ventricular fi brillanon ~
or torsade de pointes. ~
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Ventricular tachycardia was never seen in isolation but was
accompanied by ventricular premature depolarizations of
various grades in all hours before ventricular fibrillation or
torsade de pointes.
Ventricular couplets. Patients were similarly classified
into three groups on the basis of frequency of total hourly
ventricular couplets (Fig. 2 and Table 28). There was an
increase in the number of patients having frequent ventric-
ular couplets during the I to 3 hours preceding ventricular
fi brillation or torsade de pointes, paralleling that seen for
ventricular tachycardia.
Ventricular premature depolarizations. The fre-
quency of total hourly ventricular premature depolarizations
for each patient was used to subgroup patients into three
groups (Fig. 3 and Table 2C). The average count for all
patients over all recorded hours was 245 ventricular pre-
mature depolarizations/hour. In 4 of the 12 patients. only
an increase in total number of ventricular premature de-
polarizations, but not complexity, occurred before ventric-
ular fibrillation or torsade de pointes. For these four patients,
when the count for the first hour alone was compared with
the average for all previous recorded hours. there was an
85% increase in total ventricular premature depolarizations.
When hours I to 3 were averaged and compared with the
average of all previous recorded hours, there was a greater
than 100% increase in total ventricular premature
depolarizations.
In addition, four of the seven patients with increased
complexity of ventricular arrhythmias also demonstrated a
marked increase in total ventricular premature depolariza-
tions during the I to 3 hours preceding ventricular fibrillation
or torsade de pointes; only one patient had ventricular fi-
brillation without any premonitory arrhythmias as defined
previously.
Thus. 8 (two-thirds) of the 12 patients with or without
increasing complexity had more than a 100% increase in
hourly ventricular premature depolarizations for the average
of the fi nal 3 hours compared with the average for the rest
of the recording.
Linear trend analysis (Table 3). The entire study con-
sisted of 123 monitored patient hours at risk for ventricular
arrhythmias. These were divided into four risk periods, A
to D. comprising 23, 31,34 and 35 monitored patient hours,
respectively. Ventricular fibrillation or torsade de pointes
occurred at the conclusion of risk period D. The ratios of
the observed number of patients exhibiting ventricular
2 •
VF/TdP
468
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Figure 3. Hourly frequency of ventricular pre-
mature depolarizations (YPD) before ventricular fi-
brillation (YF) or torsade de pointes (TdP). The ~
number of patients showing a moderate to frequent 0:
number of ventricular premature depolarizations per ~
hour increases for the I to 3 hours before the onset ~
of ventricular fibnllation or torsadc de pomtes. z
12
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tachycardia, greater than five ventricular couplets and greater for all three of these ventricular arrhythmia classes were
than 100 ventricular premature depolarizations over the highly statistically significant. This statistical test minimizes
number of hours at risk for periods A to D are shown in the effects of spontaneous short-term variability of ventric-
Table 3, The chi-square scores for the slope of linear trend ular arrhythmia frequency in individual cases and the po-
Table 2. Hourly Counts of Episodes of Ventricular Tachycardia, Couplets and Premature Depolarizations
Number of Case
Hours Before
VF or TdP 2 3 4 5 6 7 8 9 10 II 12
A, Episodes of Ventricular Tachycardia
24
23
22
21
20 0
19 0 0
18 0 0
17 0 0
16 0 0 0
15 0 0 0 0
14 0 0 0 0
13 0 0 0 0 0 0
12 0 0 0 0 0 0
II 1 0 0 0 2 0
10 I 0 I 0 3 0
9 0 4 0 0 0 0
8 0 0 0 0 0 0 0
7 0 0 0 8 0 0 0
6 0 0 0 0 0 I 0 0 0
5 0 0 0 0 0 0 0 0 0
4 0 0 0 5 0 2 0 0 0
3 I 0 4 0 0 0 0 0 0 0 7
2 2 I 5 0 0 7 8 0 0 4 17 4
I 4 3 2 4 0 0 12 0 0 6 21 42
B. Number of Ventricular Couplets
24
23
22
21
20 0
19 2 0
18 I 0
17 0 0
16 0 0 0
15 0 0 0 0
14 0 0 2 0
13 I 0 0 0 0 0
12 I 2 0 0 0 0
II 4 0 0 0 0 0
10 8 0 5 0 1 0
9 2 1 13 0 0 0
8 5 0 0 0 0 0 0
7 3 0 2 0 0 0 0
6 3 0 3 2 0 0 0 0 0
5 4 0 0 2 0 0 I 0 0
4 I 0 0 I 0 11 0 0 0
3 7 I 2 1 0 0 4 0 I 0 17
2 1 3 0 0 0 10 5 0 2 11 26 3
I 5 I 16 2 0 2 8 2 3 11 47 39
(continued)
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Table 2 (continued) . Hourly Counts of Episodes of VentricularTachycardia, Couplets and Premature Depolarizations
Number of Case
Hours Before
VF or TdP 2 3 4 5 6 7 8 9 10 II 12
C. Number of Ventncular Premature Depolanzauons
24
23
22
21
20 1
19 885 2
18 249 I
17 271 0
16 1201 0 0
15 73 0 167 1
14 51 0 1100 10
13 26 12 944 0 36 5
12 30 18 1444 0 0 1
II 47 31 26 0 98 I
10 36 20 21 94 4 120 2
9 15 38 1740 3 0 I
8 20 3 31 78 0 2 0
7 16 I 21 414 0 0 0
6 23 3 20 41 2 406 0 0 2
5 30 4 31 65 0 1259 194 0 3
4 71 5 40 32 0 1307 629 0 2
3 43 26 39 628 0 613 525 0 284 30 68
2 36 37 106 110 2 1420 628 27 775 11 6 300 34
35 1100 274 326 23 3507 594 522 361 145 965 752
VF = ventricular fibrillation: TdP = torsade de pomtes
tentially complicating variable of unequal numbers of mon-
itored hours preceding ventricular fibrillation or torsade de
pointes in individual patients.
Heart rate. The minute to minute heart rate trend showed
no unifying pattern for the group as a whole. The heart rate
at I minute before ventricular fibri llation or torsade de pointes
was compared with the rate 5 hours previously (or from the
beginning of the tape if less than 5 hours). Heart rates for
the group at I minute before ventricular fibrillation or tor-
sade de pointes ranged from 37 to 145 beats/min (mean ::!::
I standard deviation, 71.1 ± 30.8). Five patients had a
mean increase in heart rate of 26% (range 12 to 43%); three
showed a decrease of 26% (range 10 to 53%) and four
showed no significant change (less than 10%). Thus, there
were essentially equal numbers of patients who demon-
strated an increase , decrease or no significant change in
heart ratebeforeventricular fibri llationor torsade de pointes.
QTe interval. The QT, interval was determined for all
hours preceding ventricular fibri llation or torsadede pointes
by Bazett's formula (25). A QT, interval greater than 440
ms was considered prolonged. Eight patients had a pro-
longed QT, interval at the beginningof the recording period,
and this was present for several hours before ventricular
fibrillation or torsade de pointes. Two patients showed fur-
ther prolongation of the QTe interval before the life-threat-
ening arrhythmia occurred; however, in the four patients
with a QTe interval less than 440 ms, the interval remained
normal before ventricular fibrillation or torsade de pointes.
Thus, a prolonged QT,. interval was a common fi nding (and
may have in part been related to the antiarrhythmic drug
therapy shown inTable 1), butdid not provide a premonitory
pattern similar to that seen with the ventricular arrhythmias
classes noted previously. Immediately before ventricular
fibrillation or torsadede pointes, the uncorrected QT interval
was strikingly prolonged (more than 500 ms) in 7 of 12
patients (Table 4).
RR interval preceding ventricular fibrillation or tor-
sade de pointes. The RR interval preceding the last nor-
mallyconducted beat before ventricularfibrillation has been
of interest to previous investigators. Denes et al. (23) de-
scribed ambulatory electrocardiographic findings in five pa-
tients in whom ventricular fibrillation was immediately pre-
ceded by torsade de pointes. The coupling interval of the
ventricular premature depolarization (that is, RR' interval)
initiating torsade de pointes was late (440 to 720 ms) and
followed long cycles (840 to 1920 ms). The findings of our
study are compared with those of Denes et al. in Table 4.
Although, QT intervals arc comparable, the initiating ven-
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Table 3. Linear Trend Analysis of Ventricular Arrhythmias
Number of
Frequency Rauos for Arrhythmia Classes
Monitored-Patient Couplets VPDs
Risk Period* Hours at Risk VT (> 5/hour) (> 100/hour)
A 23 0123 (0) 0123 (0) 7/23 (0.30)
B 31 6/31 (0 19) 4/31 (0.13) 4/31 (031)
C 34 3/34 (0.09) 1/34 (0.03) 6/34 (0.18)
D 35 18/35 (0.52) 13/35 (0 37) 21/35 (0.60)
Total 123
X2 L 11.47 8.52 5.22
P value < 0.001 < 0.004 < 0.022
'Ventricular fibrillation or torsade de pointes occured at the end of risk period D.
X2 L = chi-square score for slope of linear trend; p = probability; TdP = torsade de pointes, VF = ventricular fibrillation. VPDs = ventricular
premature depolarizations; VT = ventricular tachycardia.
tricular premature depolarization was more closely coupled
in our patients, contributing to the lower prematurity index
(that is, greater incidence of the R on T phenomenon). In
contrast, our patients had a shorter mean RR interval before
ventricular fibrillation or torsade de pointes although some
overlap exists. Furthermore, there was no discernible re-
lation in our study group between the RR interval preceding
and the RR' interval initiating ventricular fibrillation or tor-
sade de pointes.
Initiation of ventricular fibrillation or torsade de
pointes. The R on T phenomenon. The immediate events
surrounding ventricular fibrillation or torsade de pointes are
also of interest in this study. The ventricular premature
depolarization that initiated ventricular fibrillation or torsade
de pointes deflected or interrupted the preceding T wave in
nine patients (Fig. 4). The other three patients had late cycle
ventricular premature depolarizations that did not interrupt
the T wave (Fig. 5). The nine patients with R on T beats
had a prematurity index of 0.84 ± 0.14, whereas the three
without R on T beats had a value of 1.15 ± 0.07.
Electrical' 'instability". Seven of the nine patients with
R on T beats had ventricular fibrillation and two of the nine
Table 4. Initiating Events of Ventricular Fibrillation (VF) or Torsade de Pointes (TdP)
RR Interval
Immediately
Immediately
Preceding VF or TdP
Preceding I Minute Before
QT RR' Prematurity VF or TdP VF or TdP ClImcal
Case R/T Non R/T (ms) (ms) Index (ms) (ms) Outcome
I + 600 580 0.97 800 789 D
2 + 400 380 095 720 750 DC
3 + 700 640 091 1560 1154 Sp
4 + 640 640 1.00 1160 1621 DC
5 + 430 320 0.74 960 1176 DC
6 + 390 320 082 410 414 DC
7 + 390 360 0.92 840 759 DC
8 + 670 400 0.60 1000 1277 D
9 + 640 420 0.66 1380 1091 D
10 + 520 630 1.21 1230 1277 Sp
II + 320 370 1.16 515 550 DC
12 + 600 640 1.07 1210 800 Sp
Present study 480 530 0.91 982
Mean
Denes et al. (23) 590 533 1.09 1240
Mean range 440 to 720 480 to 680 0.73 to 1.29 840 to 1,920
D = death; DC = direct current defibrillation; R/T = R on T phenomenon; Sp = spontaneous revers ton to sinus rhythm; other abbreviations as
before.
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Figure 4. Electrocardiographic segments showing
initiation of ventricular fibrillation or torsade de
pointes by R on T (R/T) beats in nine patients .
NON RIT
Figure 5. Electrocard iographic segments showing Initiation of
ventricular fibrillation or torsade de pointes by non-R on T (Rff)
beats in three patients.
in Fig . 6) . This I to 3 hour period corre sponds to risk period
D in the linear trend analysis (for example the number of
patients monitored in the first, second and third hours before
ventricular fibrillation and torsade de pointes was 11 , 12
and 12, respectively; there were a total of 35 monitored
patient hours at risk for ventri cular arrhythmia). Only one
patient had sudden cardiac death due to ventricular fibril-
lation in the absence of such a pattern of heightened ven-
tricular ectopic activity . An R on T ventricular premature
depolarization initiated ventricular fibrillation in this case.
Thus II of 12.patients showed a premonitory pattern of
increasi ngly complex ventricular ectopic activity.
Rhythm before ventricular fibril/ation or torsade de
pointes . Eleven of the 12 patients had ventricular fibrillation
or torsade de pointes when a ventricular premature depo-
larization followed a normall y conducted sinus impulse . The
12th patient (Patient 6 , Fig . 4) had developed sustained
ventricular tachycardia 20 minutes earlier, which degener-
ated to ventricular fibrillation when an R on T ventricular
premature depolarization occurred during ventricular tachy-
cardia. In 9 of these II patients , the sinus beat was im-
mediately preceded by either single or repetitive ventricular
premature depolarizations.
Clinical outcome (Table 4). Of the nine patients who
had ventricular fibrillation, the initial ventricular premature
depolarization triggered a nonsu stained run of ventricular
tachyc ardia in seven (with rapid deterioration to ventricular
fibrillation), whereas the remaining two patients had ven-
120
had torsade de pointes (Fig. 6). The three patients with no
R on T beats included two who had ventricular fibrillation
and one who had torsade de pointes . All three patients with
non-R on T beats and eight of nine patients with R on T-
initiated ventricular fibrillation or torsade de pointes dem-
onstrated either increasing complexity or a number of ven-
tricular arrhythmias in the 1 to 3 hours preceding ventricular
fibrillation or torsade de pointes (shown in the black areas
434 LEWIS ET AL.
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Figure 6. Evidence of electrical instability before ventricular fi-
brillation (YF) or torsade de pointes (TdP). Eleven of twelve pa-
tients showed increasingly complex ventricular arrhythmias (emer-
gence ofventricularfibrillation faster, longer paroxysms ofventricular
fibrillation) or increasingly frequent ventricular arrhythmias, or
both, in the I to 3 hours before ventricular fibrillation or torsade
de pointes.
tricular fibrillation immediately after the ventricular pre-
mature depolarization. Clinical outcome in the group with
ventricular fibrillation included two deaths, six successful
direct current defibrillations and one spontaneous defibril-
lation. All three patients with torsade de pointes had spon-
taneous reversion to normal sinus rhythm after a period of
prolonged syncope.
electrocardiographic tapes in this study were analyzed in
considerable detail. Comparable depths of analysis are not
reported in the majority of available case reports or brief
reviews of sudden cardiac death occurring during ambula-
tory electrocardiographic monitoring (24). Nevertheless,
certain comparisons can be made that support the findings
of this study. Nikolic et al. (24) reported 6 cases of mon-
itored sudden death and summarized the findings of IS other
cases. Limited data are provided but the authors indicate
that 20 of the 21 patients showed " prodromal changes"
before cardiac arrest consisting of one or more of the fol-
lowing: frequent ventricular premature depolarizations, re-
petitive ventricular premature depolarizations or R on T
ventricular premature depolarizations. A preliminary report
by Pratt et al. (26) on 13 patients who had ventricular fi-
brillation on ambulatory electrocardiographic monitoring states
that evidence of increased ventricular ectopic activity before
ventricular fibrillation was seen, including a markedly in-
creased frequency of ventricular premature depolarizations
and ventricular tachycardia especially in the hour before
ventricular fibrillation in 8 of the 13 patients; all 13 patients
showed such changes in the minute before ventricular fi-
brillation. In addition, ventricular tachycardia frequency and
the length of runs of ventricular tachycardia increased before
ventricular fibrillation . By combining the results of our pres-
ent study with the data from Nikolic (24) and Pratt (26) and
co-workers, it is evident that 44 of 46 patients showed
increasingly complex ventricular ectopic activity within the
hour preceding a malignant ventricular arrhythmia.
R on T phenomenon. Since its clinical description by
Smirk and Palmer (27) in 1960, the R on T phenomenon
has attracted considerable interest. It has been proposed as
an important marker for identifying persons at high risk for
sudden cardiac death from ventricular fibrillation in the set-
ting of acute myocardial infarction or chronic coronary ar-
tery disease (10, 28, 29). Conflicting reports regarding its
significance in the setting of acute myocardial infarction
have appeared as well as criticism of its singular importance
in ambulatory patients (4,5,8,9,30). Although we did not
determine the prematurity index for all ventricularpremature
depolarizations occurring before the occurrence of ventric-
ular fibrillation or torsade de pointes, the presence of the R
on T phenomenon in the ventricular premature depolari-
zation initiating ventricular fibrillation or torsade de pointes
in 9 of our 12 patients (and 13 of the 21 cases summarized
by Nikolicet al. [30]) is suggestive evidence of its malignant
potential in human subjects.
Heart rate and repolarization abnorm alities . Pre-
vious workers (31) have implicated long cycle lengths and
repetitive ventricular stimuli as causes of temporal disper-
sion of ventricular refractoriness and tendency to ventricular
fibrillation. Although we noted a distinct increase in repet-
itive ventricular complexes before ventricular fibrillation or
torsade de pointes, there was no uniform pattern of cycle
NON
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Discussion
Electrocardiographic features preceding ventricular
fibrillation. The findings in the 12 patients of this study
suggest that there are some common ambulatory electro-
cardiographic features in patients experiencing malignant,
potentially lethal ventricular tachyarrhythrnias during long-
term ambulatory electrocardiographic monitoring: I) A pe-
riod of high density of increasingly frequent or complex,
or both, ventricular arrhythmias precedes ventricular fibril-
lation or torsade de pointes (II patients). 2) R on T ven-
tricular premature depolarizations frequently initiate the life-
threatening ventricular arrhythmia (ventricular fibrillation or
torsade de pointes) (9 patients). 3) Repolarization abnor-
malities (QTc interval greater than 0.44) are present for
several hours before ventricular fibrillation or torsade de
pointes (7 patients). 4) There is no consistent or identifiable
relation between the preceding RR interval and the RRI
interval initiating ventricular fibrillation or torsade de pointes.
5) No consistent alteration in heart rate occurs in the period
preceding ventricular fibrillation or torsade de pointes.
Comparison with previous studies, The ambulatory
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length alteration before the index arrhythmia. Furthermore,
no consistent trend in heart rate occurred before ventricular
fibrillation or torsade de pointes, failing to support the con-
tention that acceleration of the heart rate is associated with
increased ventricular premature depolarization frequency or
rate of ventricular tachycardia (32,33) .
The repolarization changes that result in QTc prolon-
gation may be due to slow heart rate, electrolyte abnor-
malities, ischemia or antiarrhythmic drugs. In the setting of
drug treatment and in those cases with familial syndromes
including a prolonged QTc interval and sudden death, the
associated arrhythmia is torsade de pointes (35). This ar-
rhythmia is considered by some to be a transitional rhythm
between ventricular tachycardia and ventricular fibrillation
(36). Although it is often self-terminating, it is unpredictable
and may degenerate into ventricular fibrillation. Our three
patients with torsade de pointes all experienced hemody-
namic compromise with prolonged syncope due to the ar-
rhythmia and they have therefore been analyzed in con-
junction with the nine patients with ventricular fibrillation .
A recent report (37) has linked torsade de pointes to bra-
dycardia with heart rates of 40 to 65 beats/min. However,
only one of our three patients with torsade de pointes had
a heart rate consistently below 60 beats/min. QTc prolon-
gation has also been noted to be a risk factor for sudden
death in patients with documented coronary artery disease
or prior myocardial infarction (38). The high incidence of
QTc prolongation in our group is noteworthy; however, its
presence for several hours before ventricular fibrillation or
torsade de pointes and lack of further prolongation in most
patients detracts from its predictive value.
Variability in arrhythmia frequency, Finally , ad-
vanced grades of ventricular premature depolarizations have
been shown to be associated with the subsequent occurrence
of sudden cardiac death in patients with or without structural
heart disease and have been documented on ambulatory
electrocardiographic recordings in resuscitated victims of
cardiac arrest (39-44). Morganroth (45) and Winkle et al.
(46) called attention to the spontaneous variability seen in
ambulatory electrocardiographic recordings and suggested
guidelines for assessing antiarrhythmic efficacy in terms of
percent reduction in ventricular premature depolarization
counts. The linear trend analysis performed in the presen'
study attempts to address this issue and shows a highl;
statistically significant trend toward increasingly frequent
and complex ventricular arrhythmias before ventricular fi-
brillation or torsade de pointes. Indeed , Table 3 shows some
slight hour to hour variability in arrhythmia frequency be-
tween risk periods A through C, but in all instances risk
period D showed the greatest increase in arrhythmia. In
addition , it could be argued that a potential selection bias
may exist if patients at very high risk in electrically unstable
condition were entered into the study shortly before the
catastrophic arrhythmia occurred. Review of patient records
failed to reveal any consistent clinical impression that a
subject was known to be in electrically unstable condition
immediately before electrocardiographic recording was in-
stituted. The recordings were obtained as part of routine
clinical management , and in many instances the patient was
fully ambulatory in a nonintensive care area of the hospital.
In the absence of more prolonged periods of monitoring
and of a group of control patients , further statistical analysis
appears unwarranted . Thus, while some of the alterations
in ventricular arrhythmia frequency and grade that preceded
ventricular fibrillation or torsade de pointes may have been
due to spontaneous variability, this study suggests that a
distinct increase in arrhythmia density precedes lethal ven-
tricular arrhythmias. In combination with other reported data
(24,26) , these findings indicate that such an increase in
arrhythmia density may serve as a marker for susceptibility
to lethal ventricular arrhythmias.
Clinical implications, Previous epidemiologic studies
(39) have documented that complex ventricular premature
depolarizations, particularly repetitive and early cycle forms,
are independent markers for sudden death in a postmy-
ocardial infarction population. The present study suggests
that ventricular arrhythmias leading to sudden death in an
ambulatory population without acute ischemia do not occur
in isolation but are preceded by a period of increasingly
frequent and complex ventricular ectopic activity. It would
appear that arrhythmia grading systems should rely not only
on ventricular premature depolarization frequency and com-
plexity but also on density of arrhythmia. Thus , future
guidelines for antiarrhythmic drug efficacy should include
evaluation of a drug's impact on ventricular arrhythmia
patterns and not simply percent reduction in ventricular pre-
mature depolarization frequency. When antiarrhythmic drug
therapy is targeted in such a fashion, long-term survival of
patients with malignant ventricular arrhythmias is enhanced
(47) .
We thank John J. Nosta for his assistance in scanning the tapes in this
study.
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